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ABSTRACT 

Based on performance data from Apollo 10 and 11 crews, 
the analysis in this memorandum shows that, if manual TLI is 
attempted on Apollo 14, there is a 25 percent chance that a 
lunar landing cannot be attempted because of insufficient SPS 
propellant reserves. Of the remaining 7 5  percent of such 
missions, 20 per cent can be saved by a corrective burn at 
TLI + 2 hours and 5 5  percent can be saved at TLI + 7 hours. 

In a late conversation with Mr. H. W. Tindall, MSC, 
he noted a tentative mission rule for Apollo 14 that a lunar 
orbital photo mission is acceptable. The data say such a 
mission is not improbable if manual TLI is attempted. 

For Apollo 15 and up, cutoff is automatic and the 
situation should improve. 
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SATE: A i i g i i s t  31, 1970 

FROM: L). R. Anselmo 
W. G.  Heffron 

MEMORANDUM FOR FILE: 

C u r r e n t l y ,  i f  T rans luna r  I n j e c t i o n  ( T L I )  has  t o  be 
done manually on Apollo 1 4 ,  S - IVB c u t o f f  w i l l  be  accomplished 
by t h e  c r e w .  The q u e s t i o n  addressed  i n  t h i s  memorandum i s  
whether  t h e  c u t o f f  v e l o c i t y  e r r o r s  are w i t h i n  t h e  Apollo 1 4  
SPS p r o p e l l a n t  r e s e r v e s .  

Dvring t h e  burn ,  t h e  crewmen i n  t h e  l e f t  two seats 
moni tor  h ,  h and V on t h e  computer d i s p l a y ,  and a t t i t u d e  on 
t h e  FDAI .  Comparing t h e s e  wi th  numbers on a c a r d  ( c a l c u l a t e d  
p r e - m i s s i o n ) ,  t hey  c o n t r o l  t h e  a t t i t u d e  of t h e  space  v e h i c l e  
t o  produce t h e  c o r r e c t  t r a j e c t o r y .  Cutof f  of t h e  S-IVB i s  
done when t h e  d e s i r e d  i n e r t i a l  v e l o c i t y  i s  reached  ( t h e  
v a l u e  i s  c a l c u l a t e d  real-time b u t  b e f o r e  T L I  i g n i t i o n ) .  S ince  
t h e  computer d i s p l a y  changes on ly  every  2 seconds and c u t o f f  
i s  done by moving t h e  "T-bar" t o  t h e  l e f t  by t h e  l e f t m o s t  
crewman, and s i n c e  a c c e l e r a t i o n  a t  T L I  i s  abou t  42 f p s 2 ,  i t  
i s  d i f f i c u l t  t o  g e t  a ve ry  a c c u r a t e  c u t o f f ,  even a f t e r  con- 
s i d e r a b l e  p r a c t i c e  i n  t r a i n e r s .  

Rad ia l ,  downrange, and l a t e r a l  v e l o c i t y  e r r o r s  can 
b e  expec ted ,  b u t  on ly  t h e  downrange e r r o r  i s  impor t an t .  The 
AV t o  correct r a d i a l  and l a t e r a l  e r r o r s  g e n e r a l l y  decreases 
as t i m e  goes  on, b u t  t h e  AV t o  c o r r e c t  downrange e r r o r s  
s t e a d i l y  i n c r e a s e s .  
3 . 3  f p s  f o r  each f p s  error a t  T L I  c u t o f f .  A t  T L I  + 7 hour s ,  
t h e  f a c t o r  i s  5.0 f p s / f p s .  

A t  T L I  + 2 hour s ,  t h e  cost  i s  approximately 

A r easonab le  p o l i c y  i s  as fo l lows .  I f  t h e  error a t  
c u t o f f  i s  g r e a t e r  t han  TBD f p s ,  have t h e  c r e w  q u i c k l y  perform 
T r a n s p o s i t i o n ,  Docking, E x t r a c t i o n  and e x e c u t e  a c o r r e c t i v e  
bu rn  a t  T L I  + 2 hours ,  t a r g e t i n g  t h e  burn us ing  t h e  s t a t e  
v e c t o r  i n  t h e  Command Module Computer. Two hour s  i s  i n s u f f i c i e n t  
f o r  MSFN t r a c k i n g  t o  produce a b e t t e r  es t imate  t h a n  t h e  CMC, b u t  
t h e  CMC est imate  i s  probably i n a c c u r a t e  enough t h a t  a n o t h e r  
c o r r e c t i o n  w i l l  be r e q u i r e d  la ter .  But i f  t h e  T L I  c u t o f f  i s  
s m a l l  enough, no s p e c i a l  a c t i o n  i s  r e q u i r e d  and t h e  c o r r e c t i o n  
bu rn  w i l l  occur  a t  t h e  u s u a l  t i m e s .  With M S F N  t r a c k i n g ,  t h e  
t a r g e t i n g  w i l l  be of s u p e r i o r  accuracy.  Thus a t  T L I  + 2 hours  
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p r o p e l l a n t  u s a b l e  may n o t  i n c l u d e  p r o p e l l a n t  budgeted f o r  a 
"normal" MCC (which i s  33 f p s ) ,  w h i l e  a t  T L I  + 7 hour s  i t  may. 

C r e w  performance d a t a  f o r  t h e  Apol lo  1 4  crew i s  n o t  
a v a i l a b l e ,  b u t  d a t a  from Apollo 10-11 c r e w s  i s ,  and i s  p l o t t e d  
on t h e  a t t a c h e d  c h a r t  as a p r o b a b i l i t y  d i s t r i b u t i o n .  S c a l e s  
a l s o  show t h e  AV r e q u i r e d  a t  T L I  + 2 hours  and T L I  + 7 hour s  
and t h e  cont ingency  AV t h a t  would remain f o r  a 9-day mis s ion .  

The cont ingency AV a v a i l a b l e ,  shown f o r  a c o r r e c t i o n  
a t  T L I  + 2 hour s ,  a c t u a l l y  i n c r e a s e s  s l i g h t l y  b e f o r e  d e c r e a s i n g  
fo r  i n c r e a s i n g  T L I  c u t o f f  errors. The r eason  f o r  t h i s  i s  t h a t  
t h e  nominal mi s s ion  employs a 73 f p s  h y b r i d  maneuver a t  
T L I  + 2 4  hours  which t r a n s f e r s  t h e  v e h i c l e  from t h e  f r e e  r e t u r n  
t r a j e c t o r y  t o  a DPS a b o r t a b l e  non-free r e t u r n  t r a j e c t o r y .  I f  a 
c o r r e c t i o n  i s  made a t  T L I  + 2 hours  t h e  t r a j e c t o r y  would be  
c o r r e c t e d  t o  t h e  pos t -hybr id  maneuver c o n d i t i o n s  so  t h a t  t h e  
h y b r i d  maneuver i s  e f f e c t i v e l y  reduced and combined w i t h  t h e  
c o r r e c t i o n  f o r  t h e  c u t o f f  error, t h e  n e t  r e s u l t  be ing  a 
r e d u c t i o n  i n  t o t a l  mi s s ion  r e q u i r e d  AV. 

The Apol lo  1 4  miss ion  d u r a t i o n  i s  nomia l ly  n i n e  days.  
Fo r  t h e  9-day mis s ion  t h e  end-of-mission cont ingency  AV 
a v a i l a b l e  f o r  weather  avoidance i s  318 f p s .  By ex tend ing  t h e  
r e t u r n  t i m e  of f l i g h t  by 2 4  hours  and employing a 10-day m i s s i o n ,  
cont ingency  AV reserves i n c r e a s e  t o  about  600  f p s .  R e l a x a t i o n  
o f  t h e  4 0  deg ree  maximum r e t u r n  i n c l i n a t i o n  c o n s t r a i n t  would 
i n c r e a s e  r e s e r v e s  t o  abou t  800 f p s  f o r  t h e  10-day miss ion .  I f  
t h e  600  f p s  LM r e s c u e  al lowance i s  r e t a i n e d ,  t h e  AV a v a i l a b l e  
beyond requi rements  t o  c o r r e c t  an o f f  nominal T L I  i s  approximate ly  
one-half  of t h e  remainder  or 1 / 2  (800-600) = 1 0 0  f p s ,  t h e  one- 
h a l f  f a c t o r  be ing  due t o  t h e  h e a v i e r  weight  post-TLI compared 
t o  end-of-mission weight .  The cu rves  show t h a t  55 p e r c e n t  of 
t h e  t i m e  t h e  miss ion  cou ld  be con t inued  by making a c o r r e c t i v e  
maneuver a t  T L I  + 7 hours .  The p r o b a b i l i t y  cou ld  be ex tended  
t o  75 p e r c e n t  by making t h e  maneuver a t  T L I  + 2 hour s .  T o  
o b t a i n  a f u r t h e r  i n c r e a s e  t h e  LM r e s c u e  al lowance would have t o  
be  reduced.  Note t h a t  t h e s e  p r o b a b i l i t i e s  mean a l s o  t h a t  45 
p e r c e n t  of  t h e  t i m e  t h e  c o r r e c t i v e  burn  must be  done q u i c k l y  
( T L I  + 2 h o u r s ) ,  and even so  25 p e r c e n t  of t h e  m i s s i o n s  canno t  
be con t inued  t o  l and ing .  

For  Apol lo  1 4  and subsequen t ,  a new computer program 
w i l l  a u t o m a t i c a l l y  g e n e r a t e  a c u t o f f  s i g n a l  based  on v e l o c i t y  
magnitude ( t h e  same number now used  f o r  manual c u t o f f ) .  Down- 
r a n g e  e r r o r s  w i l l  t hen  l a r g e l y  be  e l i m a t e d  and a T L I  + 2 hour  



BELLCOMM. I N C .  - 3 -  

burn  w i l l  be  improbable .  There i s  a p o s s i b i l i t y  t h a t  t h i s  
r o u t i n e  c o u l d  be added f o r  Apol lo  1 4 ,  b u t  such  a c t i o n  would 
r e q u i r e  a remake of t h e  Memory Modules f o r  t h e  CMC; t h e  pro-  
gram f o r  Apol lo  1 4  has  a l r e a d y  been released fo r  manufac ture .  

hKd2.L C & k <  

D. R. Anselmo 
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